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PHOTOMETRY  OP  SOIAR  FLARES 


This  article  was  originally  published  as  follows: 


Karlaiov,  M.  0.,  A.  S.  Zubtsov,  M.  I.  Antushevlch,  and  S.  K. 
Dosybayev.  Fotometrlya  solnechnykh  vspyshek.  IN:  Akade- 
mlya  nauk  Kazakhskoy  SSR,  Astroflzlcheskly  Instltut.  Iz- 
vestlya,  v.  l4,  1962,  93-106. 


This  study  gives  the  results  of  the  photometric  processing 
of  solar  flares  of  Importance  »  2,  observed  from  October  1957  to  the 
end  of  1959*  l.e,,  during  the  International  Geophysical  Year  and  the 
International  Geophysical  Cooperation. 

The  observations  were  made  at  a  hlgh-mountaln  coronal  sta¬ 
tion,  2600  m  above  sea  level.  In  the  region  of  Great  Alma-Ata  Lake 
(Bol'shoye  Almatlnskoye  Ozero),  with  the  aid  of  the  type-APR-2  chromo¬ 
sphere-photosphere  telescope. 


The  motion  picture  was  made  In  the  Ha  line  with  an  Inter¬ 
ference-polarization  filter  having  a  pass-band  width  of  0.6  A.  Stand¬ 
ard  35-mm  panchromatic  hlgh-sensltlvlty  (1000-1200  GOST  Units)  photo- 

fraphlc  film  was  used.  T3ie  rate  of  filming  -^ao  2  frames  a  minute 
sometimes  8  or  4). 
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Insertion  of  a  reducing  screen  with  nine  degrees  of  transparency. 
Illuminated  by  the  solar  disk.  In  accordance  with  International  In¬ 
structions,  the  screen  was  Inserted  during  normal,  twlce-normal,  and 
four-tlmes-normal  exposures. 


The  films  were  developed  using  the  standard  contrast-type 
fine-grain  developer. 


Observational  Data 


The  photographic  films  obtained  of  the  flares  were  processed 
with  a  type-MP-2  microphotometer  for  determining  Intensity,  and  with 
a  spectrophotometer  for  deteimilning  the  flare  area. 

Individual  characteristic  flare  condensations  were  photo- 
metered.  Last  of  all,  the  Intensities  of  the  Individual  nodes  were 
determined,  expressed  In  units  of  Intensity  of  the  undisturbed  region 
of  the  solar  disk  close  to  the  flare. 

All  the  frames  were  carefully  examined  beforehand:  those 
with  defects  were  discarded.  The  micrometer  diaphragm  was  selected 
so  as  not  to  be  larger  than  2/3  of  the  Image  of  the  individual  nodes 
of  the  flares. 
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The  areas  were  measured  on  the  basis  df  those  frames  used 
in  the  measurement  of  intensities. 

Photographs  of  the  flares  are  shown  in  Fig.  1.  The  table 
gives  a  list  of  the  processed  flares  for  the  period  from  23  Oot  1957 
to  the  end  of  1959.  Observation  times  are  given  in  universal  time. 

Columns  1,  2,  and  3  indicate  (respectively)  the  date  of  ob¬ 
servation,  the  time  at  beginning  of  observation,  and  the  time  at  end 
of  observation.  The  actual  beginning  and  end  are  underlined.  The 
latitude,  longitude,  and  angular  distance  from  the  Carrington  meridian 
are  given  in  the  fourth,  fifth',  and  sixth  colunais.  The  importance  of 
the  flare,  determined  on  the  basis  of  two  quantities  —  intensity  and 
area  --is  given  in  the  seventh  colunm.  The  observation  oondltlons 
and  the  quality  of  the  films  obtained,  are  indicated  at  the  end  of  the 
table  [l.e.,  in  the  eighth  column). 


Characteristics  of  Individual  Flares 
and  Curves  of  Flare  Development 


The  flare  development  curves  were  constructed  for  the  most 
clearly  defined  individual  nodes. 

On  the  intensity-time  graphs  the  ratios  of  the  intensity  of 
the  individual  node  to  the  intensity  of  the  undisturbed  area  of  the 
solar  disk  are  plotted  along  the  Y-axis,  while  the  time  is  plotted 
along  the  X-axis. 
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On  the  graph  shovrlng  the  relationship  of  area  change  with 
time,  the  value  of  the  area  is  plotted  along  the  Y-axls.  Inasmuch 
as  both  gi‘aphs  are  given  together,  the  Intensity  Is  given  from  the 
left  along  the  ordinate,  while  the  value  of  the  area  Is  given  from 
the  right.  The  common  time  Is  plotted  along  one  X-axls. 

In  addition,  a  sketch  of  the  flare  showing  all  the  spot  and 
flocculus -field  details  Is  given  In  the  upper  right  comer  of  the 
graphs.  Specific  areas  are  Indicated  as  follows:  1)  foci  of  flares: 
solid  black  area;  2}  floccull:  cross  hatched  areas;  3)  spots:  closed 
contour  lines  with  a  dot  Inside;  4)  filaments:  simple  contour  lines. 

Flare-  of  23  Oct  1957.  This  flare 
developed  at  the  solar  limb  In  the  region  of 
a  bipolar  spot  group.  The  brightness  of  the 
flocculus  (a)  grew.  At  6“24®  a  very  bright 
ejection  appeared  in  the  flare  region  and 
continued  to  exist  after  this  as  an  active 
sunspot  prominence.  The  velocity  of  the  ejec¬ 
tion  was  389  km/sec.  Movement  of  Individual 
details  of  the  prominence  took  place  along 
the  lines  of  force  of  the  dipole  field  at  a 
velocity  of  175  km/sec  from  6ii32®  to  6^3601, 

At  6^32®  the  height  of  the  promi¬ 
nence  was  133*10*  km,  and  at  61^36®  It  was 
175*10®  km.  It  remained  almost  constant  up 
to  6^50®.  Prom  to  7^10®  the  prominence 

subsided  at  a  rate  of  30  km/sec,  losing 
brightness  In  the  process,  and  disappeared  completely  at  8^00®  (Pig.  2). 

Flare  of  2  Nov  1957.  This  consisted, of  a  number  of  bright 
details.  Wext  to  spot  (al  was  a  weak  flocculus  (the  central  part  of 
node  1).  Starting  at  9^04®  the  brightness  of  the  flocculus  began  to 
Increase,  Node  2  appeared  at  9^106®,  and  node  3  appeared  at  91^10®. 5 
In  the  form  of  a  faintly  luminous  point.  The  area  of  brightness 
center  3  changed  slightly.  Node  1,  In  which  the  Intensity  Increased 
by  Jumps,  was  the  most  characteristic.  It  had  an  elongated  pear-llke 
form.  The  node  had  weakly  defined  secondary  maxima  of  Intensity  and 
area.  The  brightness-growth  parameters  for  the  three  nodes  were 
Pj  “  0,13'5,  P,  -  0,098,  and  P,  -  0.109,  respectively.  Node  1  expanded 
partially  ^rom  the  SE  to  the  NW,  The  main  direction  of  movement  of 
this  node  was  westward  (Pig.  3). 

Flare  of  10  Nov  1957.  This  flare  developed  not  far  from  the 
solar  limiFI  Before  the  flare  of  Importance  2  (from  6^12®*  5  to  6h45®, 
with  maximum  at  6“21®*5)'.  a  flare  of  Importance  1  was  observed.  After 
the  weak  flare  a  flocculus  of  average  brightness  remained. 

The  flare  of  Importance  2  was  accompanied  by  an  ejection  moving 
along  the  radius  at  velocity  V  =  650  km/sec  from  7"01®*5  to  7^06®.  The 
brightness  of  the  flcre  region  located  In  peripheral  proximity  to  the 
flocculus  did  not  vary  appreciably  (Fig.  4). 
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Pig.  3  4 


Fig.  1  shows  a  photograph  of  the  flare  at  the  moment  of 
maximum  brightness^  and  also  at  the  moment  of  the  maximum  phase  of 
ejection  development.  It  Is  possible  to  get  some  idea  of  their  rapid 
increase  from  the  graph  showing  the  change  of  intensity  and  area  with 
time.  In  all,  30  sec  passed  from  the  moment  of  onset  to  the  inten¬ 
sity  maximum.  The  area  maximum  lagged  by  15  sec.  .The  Intensity  drop 
after  the  maximum  took  place  very  abiruptly  up  to  7"05®j  after  which 
it  became  more  moderate. 

Flare  of  11  Noy  1957.  This  flare  developed  not  far  from  the 
solar  llmlEI  At  first  it  consisted  of  two  bright  details,  which  Joined 
into  one  at  6"32®.  Floccull  ringed  the  flare  as  Ifdlvldual  details. 

In  addition  to  the  principal  intensity  maximum,  there  was  a  secondary 
one  at  6“3^®*5. 

The  area-change  cui’ve  had  only  one  maximum,  which  preceded 
the  principal  Intensity  maximum  by  30  sec.  The  brightness  growth 
parameter  was  P  ■  0,644  (Fig.  5). 

Flare  of  23  Nov  1957.  The  beginning  of  the  flare  was  not 
fixed  because  of  cloudiness.  It  is  possible  that  it  was  accompanied 
by  an  ejection.  The  brightness  maximum  occurred  between  8^6®  and 
8“09®*5.  (a  break  in  photography  due  to  cloudiness  made  it  impossible 
to  determine  the  maximum  exactly).  Two  floccull  were  present  to  the 
NW  and  SW  of  the  flare.  There  was  a  single  spot  between  them,  near 
which  a  flare  developed  (Fig.  6), 
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Plar«  of  5  Dec  1957,  lllils  extr«Mly  oonplax  flare  oonalated 
of  a  niUBber  or  characteristic  brleditneea  centers.  At  the  beginning 
of  the  observations  at  the  flare  consisted  of  nodes  1,  3#  and 

4.  Hode  3  was  represented  by  its  western  half,  wMch  was  broken 
down  into  three  equal  smaller  nodes;  node  4  was  represented  by  its 
base,  and  did  not  have  any  branches.  The  eastern  edge  of  node  3  drew 
close  to  the  western  edge  of  node  4,  l(s  a  result  of  irtilch  an  unbroken, 
smoothly  curved  arc  was  formed.  Under  the  western  edge  of  node  4 
there  was  a  scarcely  discernible  fourth  and  smaller  node  of  main  node 
3*  The  smaller  node  subsequently  developed  in  a  westerly  direction 
and  Joined  up  with  the  remaining  part  of  node  3* 

At  6^11** 5  the  southern  part  of  the  flare,  indicated  on  the 
sketch  by  a  broken  line,  appeared.  At  maximum  bric^tness  (7^4b*5) 
the  flare  consisted  of  nodes  1,  3,  and  4.  By  this  time  node  3  had 
lost  its  eastern  half,  with  the  eastern  end  deflected  to  the  north. 

At  the  end  of  the  observations  (8^1*}  weak  node  1  and  the  northern 
offshoot  of  node  3  remained. 

The  characteristic  feature  of  the  flare  was  that  its  nodes 
in  the  majority  of  eases  were  framed  with  filamentary  threads.  Several 
maxima  were  noted  in  the  develoMMnt  of  intensity  and  area,  particularly 
in  the  region  of  node  1  (Pig.  7). 

The  flare  of  11  Peb  19^  developed  at  the  western  solar  limb 
in  an  active  region,  with  a  bind  stretching  parallel  to  the  equator 
up  to  the  central  meridian.  The  form  of  the  details  at  the  beginning 
of  the  flare  are  shown  in  the  sketch. 

1^  the  moment  of  maximum  brightness  (3^23*)  there  remained 
of  the  flare  the  very  brilliant  southern  part  of  node  l,ln  the  form 
of  two  smaller  nodes^  without,  however,  any  clearly  defined  boundary. 
Consequently,  their  overall  area  was  taken  as  the  area  of  the  node. 

The  southern  component  of  node  1,  which  was  the  largest  and 
brightest,  stretching  from  the  SE  to  the  NW,  touched  the  solar  limb 
with  its  western  edge,  but  no  signs  of  the  emersion  of  this  detail 

directly  on  the  limb  were  detected. 
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Fig.  7 


By  th«  end  of  Vhm  observations  (8*'45»)  the  dimensions  and 
brightness  of  the  IndloatedB  details  of  node  1  became  the  same;  their 
brl^tness  did  not  differ  ITroei  that  of  the  floooulus. 

It  can  be  seen  fc*on  Fig*  8  that  with  the  onset  of  the 
Intensity  maximum  the  area  did  not  inorease*  but  nther  deoreased. 
Cnly  a  few  minutes  later  ttms  area  had  Inereased. 
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The  flare  of  5  J^ly  developed  In  the  vicinity  of 
floccull  near  two  spots  of  low  orightnees.  After  the  disappearance 
of  the  flare«  which  consisted  of  three  nodes*  the  brli^tness  of  the 
floccull  noticeably  Increased.  All  the  nodes  flared  up  at  approxl* 
■ately  the  same  tine;  subsequently  their  brli^tness  diminished  very 
slow]^.  The  area  of  the  first  node  had  a  characteristic  maximum  at 
3h^9a.  Such  a  sharp  rise  and  fall  was  not  observed  In  the  two  other 
nodes  (Fig.  9). 

The  flye  of  ^  Sep  1958  developed  not  far  from  the  solar 
limb  close  to  a  flocculus,  ^e  onset  of  the  flare  was  not  noted. 

It  was  probably  In  the  time  Interval  fx^  5‘H)2«  to  5*H)6®.  The  flare 
was  accompanied  by  a  weak  ejection  (Fig.  10). 

The  flare  of  l6  Sep  1956  appeared  In  the  region  of  spot 
groups  close  to  a  big  spot.  Befoi^  the  appearance  of  this  flare*  a 
flare  of  Importance  1  had  been  in  this  region.  The  Intensity  of 
the  flocculus  before  and  after  the  flare  remained  almost  constant. 

The  flare  consisted  of  three  characteristic  nodes*  which 
arose  at  different  times.  Node  1  appeared  first*  node  2  appeared 
3  minutes  later*  and  after  l4  minutes  node  3  appeared. 

As  Is  seen  from  Fig.  11*  the  Intensity  maxima  of  all  the 
nodes  coincide  with  an  accuracy  of  up  to  1  •  2  minutes.  The  area 
of  the  first  node  increased  and  reached  a  maximum  at  4^32®.  This 
maximum  lagged  three  minutes  behind  the  Intensity  maximum.  The 
slope  of  the  area  curve  after  the  maximum  was  steeper  In  comparison 
with  that  of  the  curve  during  area  growth. 
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Fig.  9 


Ab  l8  seen  from  Pig.  11,  the  Intensity  maxima  of  all  the 
nodes  oolnolde  with  an  accuracy  of  up  to  1  >  2  minutes.  The  area 
ot  the  first  node  Increased  and  reached  a  maximum  at  4»320‘.  The 
maximum  lagged  three  minutes  behind  the  Intensity  maximum.  The  slope 
of  the  area  curve  after  the  maximum  was  steeper  In  comparison  with 
that  of  the  curve  during  area  growth. 

After  an  Increase,  the  area  of  the  second  node  remained  at 
a  constant  value  for  10  minutes.  The  area  of  the  third  node  Increased 
sharply.  The  Intensity  maximum  with  the  characteristic  peak  was 
more  sharply  pronounced,  whereas  the  maximum  of  the  node  areas  did 
not  have  such  a  character.  The  floooull  had  characteristic  alignments 
from  spots  to  flares. 

The  flare  of  15  Dec  1958  appeared  in  the  region  of  a 
bipolar  spot  group  and  consisted  of  two  details.  Before  6^25®  there 
was  a  dull  flocculus  in  the  region  of  spot  (a).  From  6^26®  on,  a 
movement  of  node  1  took  place  In  a  NW  and,  partially,  NS  direction. 

At  6^30®  node  2  separated  from  the  main  mass.  The  brightness  of 
flocculus  (b)  changed.  The  development  of  node  1  was  acoompknled 
by  two  Intensity  maxima.  The  area  at  the  moment  of  the  maximum  did 
not  change  for  7  minutes.  The  drop  of  the  area  curve  in  time  took 
place  very  abruptly. 
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The  eeoond  node  was  not  particularly  oharaoterlatlo. 
Judging  from  the  change  of  Intenalty  and  area  with  time  (Fig.  12). 

Flare  of  10  July  1959.  An  emerged  flare  waa  obaerved  In 
the  region  or  a  apot  group.  Hie  central  apot  of  the  largest  area 
was  equidistant  from  the  other  spots.  The  flocculus  field  had 
Individual  streamers  emanating  from  the  general  field.  The  most 
oharaoterlstlo  node  (l)  was  located  between  the  central  and  the  north¬ 
west  spots.  Node  2  was  In  contact  with  a  spot  on  the  south  side. 
Node  3  developed  as  an  ejection  from  node  1.  The  velocity  of  the 
ejection  was  on  the  average  33  k^/seo.  The  movement  of  the  ejection 
took  place  along  a  streamer  of  the  flocculus  In  the  direction  of  a 
separate  spot  southeast  of  the  first  node. 

In  node  1  the  course  of  the  Intensity  and  area  at  maximum 
repeats.  At  the  end  of  the  lifetime,  the  area  of  the  node  decreased 
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3tb  fTMter  jsharpness  than  the  Intenelty-.  Ih  node  2  the  coursea 
the  Intenalty  and  area  oolneldej  there  are  no  mrked  ■axlna.  In 
node  3  the  Intensity  Maxlmn  la  at  3^29*.  At  the  beginning  of  devel- 
opnent  this  node  was  a  very  eonpaet  fonsatlon.  The  area  Increased 
ipadually  and  attained  a  waxlaua  at  4"24b.  Hi  this  case  the  Inten¬ 
sity  and  area  aaxlaa  did  not  coincide  (Fig.  13). 

Pier*  Qf  14  July  1Q5Q.  A  flare  of  laportance  3'*'  arose  In 
the  region  of  a  spot  group  at  3"26*  and  subsequently  had  a  very 
coaplleated  evolution.  It  consisted  of  seven  principal  nodes.  The 
Individual  nodes  arose  at  different  tlaes.  First,  node  1  appeared. 
The  appearance  of  two  Intensity  waxlaa  In  the  evolution  curve  was 
noted.  At  tthe  end  of  the  lifetime  of  the  node  an  Increase  in 
brightness  took  place,  with  a  subsequent  sharp  drop.  At  the  sane 
tine,  the  pattern  of  area  change  was  different.  At  the  aoaent 
of  aaxlauB  the  Intensity  of  the  area  Increased,  with  a  subsequent 
drop,  and  then  Increased  again  approxlaately  1.5  tines  In  conparlson 
with  the  first  naxlnun. 
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Th*  brlghtn«ts«  at  th«  mm  tlM.  did  not  InoroaM,  Appar¬ 
ent  the  fXare  waa  aoooapanled  by  a  great  rlae«  aa  a  result  of 
vhioh  the  area  tnereaeedj  but  the  brlf^theea*  on  the  other  hand, 
dropped.  The  rate  of  aoveMnt  of  thla  node  In  an  eaaterly  dlreotlon 
fro«  3h40B  to  waa  on  the  average  24  k%4eb. 

At  3^34*  nodea  2  and  3  aroae,  and  aoMwhat  later  nodea' 

4  and  5. 

Nodea  2  and  3  were  not  very  oharaeterlatle j  a  certain  lack 
of  oolnoldenoe  of  the  Intenalty  and  area  m»1m  la  noted.  The  Inten- 
alty  of  the  fifth  node  grew  rapidly,  attaining  a  mxIwuw  In  2  alnutea. 
The  arM  reMlned  alwoat  wiohanged. 


The  area  naxlna  of  nodea  1,  4,  and  7  coincided.  Thla 
coincidence  waa  wost  narked  In  the  flrat  and  aeventh  nodea.  The 
az^a  growth  of  node  7  took  place  nore  rapidly  In  conparlaon  with 
the  o^er  nodea.  However,  the  Intensity  Increaaed  evenly,  but  did 
not  reach  a  particularly  narked  naxlnun  (Pig.  14). 
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In  thm  ObMrvationi  w«r«  Mid«  through  break* 

^*.1-^-**^*  appeared  in  the  region  of  a  flooeulua  field 

??S?“  ^®  “‘®®  ^^®  flocoulu*  to  the  north  of  the 

flar*.  Qm  tntanaitjr  and  area  naxlani  oolnolde  (Fig.  15). 


n-m  tit$ 


rig,  15 


^  ,  r — ir — 1-  —  developed  near  a  apot  froa  a  dull 

floeoulM  in  the  fora  of  a  bright  point,  men  It  apread  out  to  the 
aouthf  talcing  In  the  region  of  floooulua  (a)j  the  brli^t  point  stood 
out  In  Ita  Intensity.  A  very  rapid  growth  of  area  was  noted.  The 
are*  aaxlaua  preceded  the  Intensity  a^aua  by  2  alnutes  (Pig.  l6). 

*  ..w  The  f lye  of  3  Sep  1959  developed 
at  the  solar  lino,  a  ve*y  rapid  area  growth 
was  noted.  The  area  aaxlaua  oolnolded  with 
the  Intensity  iwxlnua.  There  tats  a  very  Weak 
secondary  aaxlaua  of  Intensity  and  area.  The 
flare  was  stretched  out  In  a  NS  direction 
(Fig.  17). 

The  flare  of  10  Oot  1959.  At  the 
beginning  of  vhe  obaervacion  the  Flare  was 
reyesented  by  only  two  saall  nodes,  which 
subsequently  foraed  the  eastern  part  of  node  l. 
The  results  of  the  aeasureaent  of  these  saall 
nodes  are  Indicated  by  little  crosses  on  the 
graphs  of  brli^tnesa  center  1.  The  results  of 
the  aeasureaent  of  the  two  other  nodes  foraed 
^  ®*®t«rn  and  northwestern  parts  of  node  1 

after  its  decay  are  indicated  by  saall  circles  and  triangles. 

1  «««xlBua  (4ho9«.5)  the  flare  consisted  of 

nodes  1  and  4  and  was  of  iaportance  1+. 

.  .  .®*®  w®®tam  pyt  of  the  flart.  which  was  of  iaportance  2  at 
•**!««*  (5^0^)  and  which  is  Indicated  on  the  sketch  by 
4h56a,  Towards  the  end  of  the  observations 
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